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Recently it has been shown that apolipoprotein E (apoE) 
secreted by keratinocytes in transplanted epidermal grafts 
reaches the systemic circulation. In this study we ask which 
cells in cultures of epidermal keratinocytes, basal or supraba-
sal, are the source of apoE. By fractionating disaggregated 
cultures in gradients of Fico1l400, the small nondifferen-
tiated cells derived from the basal compartment were shown 
to be the source of apoE. The larger more differentiated cells 
derived from supra basal layers could not be shown to contain 
or secrete apoE, although they did contain the apoE mRNA. 
C lassically, keratinocytes in epidermis have been re-garded as providing a protective barrier through the formation of a stratified squamous epithelium. This barrier is generated by keratinocytes themselves as they undergo differentiation from the basal compart-
ment to the surface [1]. The nonbarrier functions of epidermis, such 
as antigen processing and pigment formation, are carried out by 
other cell types, i.e., Langerhans cells [2] and melanocytes [3] . 
Recently, the role of the keratinocyte has been expanded by the 
demonstration that these cells naturally secrete a variety of proteins 
with effector functions (for a compendium of articles on this topic 
see [4]) . These secreted agents are likely to be involved in regulating 
local immunologic and metabolic processes. Keratinocytes may also 
induce more distant or systemic effects through secretlon of factors 
into the bloodstream. This concept stems from the finding that 
apoE, which is naturally secreted by epidermal keratinocytes, has 
been found in the systemic circulation of mice bearing grafts of 
cultured human keratinocytes [5J. Although the role of apoE in 
epidermis is unknown, the fact that a protein of molecular weight 
34 kD reaches the circulation suggests that other proteins naturally 
secreted by keratinocytes might also have a systemic fate. A question 
that arises in analyzi ng this phenomenon is the source of secreted 
material, i.e., whether it is derived from keratinocytes in all cell 
layers or in a specific compartment of the epithelium. In this study 
we have fractionated cu ltured keratinocytes according to size and 
analyzed for secretion of apoE. We show that apoE is secreted by 
small cells corresponding to the basal population ofkeratinocytes i/l 
vitro. We could not detect apoE production in the large or suprabasal 
ce ll s, although apoE mRNA was present in this population. 
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Basal cells are the primary site for replication. However, 
analysis during growth in culture indicated that secretion did 
not correlate with cell replication but appeared to be linked to 
specific changes in metabolic activity of the basal cell com-
partment. Localization of apoE secretion to the basal com-
partment may provide a mechanism for lipid uptake and 
redistribution within the epidermis and may be viewed 
within the larger context of keratinocyte differentiation. 
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MATERIALS AND METHODS 
Cell Culture Epithelial keratinocytes were obtained from a 23-year - old 
male organ donor and cultured on lethally irradiated NIH-3T3 fibroblasts 
using media and methods previously described [6,7]. Keratinocytes were 
used at third and fourth passage at various stages of confluence. For some 
experiments, a low-calcium medium was employed consisting of minimal 
essential medium (GIBCO catalog number 320-1385AJ) and 15% Chelex-
treated feta l calf serum. 
Ficoll Separation of Keratinocytes 107 fres hly trypsinized keratino-
cytes derived from subconfluent cultures (2 d prior to confluence) were 
suspended in 5 ml of cold phosphate-buffered saline (PBS) containing 0.02% 
ethylenediaminetetraacetic acid (EDTA) and 10 mgj ml bovine serum albu-
min (BSA). The cells were applied to a step gradient of20%, 15%, 10%, and 
5% Fico1l400 (w/v, Pharmacia) prepared in PBS containing 5 mgj ml BSA 
and centrifuged as described [8J. Separation of cells from confluent and 
postconfluent cultures was attempted but aggregation prevented proper sep-
aration in the gradients. 
Metabolic Labeling of Submerged Cultures ofKeratinocytes Cul-
tures of keratinocytes in 60-mm dishes were rinsed with warm PBS, prein-
cuba ted for 30 min at 37°C in Dulbecco's modified Eagle's medium lacking 
met (mct-DMEM), and incubated for 3 h in 1.5 ml of met-DMEM supple-
mented with 200 pCi/ml 35S_met (800 Ci/ Mm, New England Nuclear). 
The medium was centrifuged twice at 475 X g for 5 min at 4°C to remove 
sloughed cells and debris and dialyzed overnight at 4°C against PBS con-
taining 1 mM met and 0.2 mg/ ml phenylmethylsulfonyl fluoride (PMSF). 
Metabolic Labeling of Ficoll-Separated Fractions of Keratino-
cytes Ficoll-separated keratinocytes were resuspended in met-DMEM at 
3 X 106 cellsjml and labeled with 35S-met as above. The addition of methyl-
cellulose (1.3%,15 cps, Sigma) reduced cell lysis during metabolic labeling, 
as measured by lactic dehydrogenase (LDH) release into the medium [9]. 
After 3 h, PMSF (0.2mg/mJ) was added to the medium. The cells were then 
removed by centrifugation. To ensure that the cell pellet did not become 
resuspended during the rotor deceleration, a 5% Ficoll cushion was placed in 
the bottom of the centrifuge tube and the rotor was gradually decelerated 
with a manually controlled external rheostat. The resultant media samples 
cleared of cells were dialyzed as described above. 
Celllysates were prepared by resuspending the pellets in 1 ml 2% Triton 
X-l00 in PBS, 20 mM EDTA, and lysed by passage through a 22-gauge 
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needle. Lysates were centrifuged at 125,000 X g for 1 h at 4·C and the 
supernatants used for immunoprecipitation. 
Immunoprecipitation and Electrophoresis 
ApoE: Media samples containing 5 X lOs DPM of acid-precipitable pro-
tein were analyzed for human apoE with a double-antibody procedure de-
scribed previously [10] using sheep anti-human apoE antibody (provided by 
Dr. Patricia Forgez), followed by incubation with rabbit anti-sheep IgG 
antibody (Capell Biochemicals). Resulting immunoprecipitates were re-
solved on a 10% sodium dodecylsulfate (SDS) polyacrylamide gel [11] fol-
lowed by fluorography [12]. 
!tIVolI/crill: Ceillysates were analyzed for human involucrin by immuno-
precipitation using a rabbit anti-human involucrin antibody (provided by 
Dr. Marcia Simon) , followed by incubation with goat anti-rabbit IgG anti-
body (Cappell Biochemicals) as the secondary antibody. Immunoprecipi-
tates were processed as above. 
Bill/OilS Pemphigoid A,ltigen: Celllysates (2 X 106 DPM) were analyzed for 
the presence of bullous pemphigoid (BP) antigen by incubating overnight 
with 3,u1 of serum from a patient with bullous pemphigoid (provided by Dr. 
Luis Diaz), followed by a 2-h incubation with protein A sepharose. 
In all cases, control samples were treated with pre-immune serum and the 
corresponding secondary IgG. 
Enzyme-Linked Immunosorbent Assay (ELISA) Rates of accumula-
tion of apoE in media from cultures of adult epidermal keratinocytes, freshly 
trypsinized keratinocytes, and fractions of Ficoll-separated keratinocytes 
were measured by ELISA. Cells were incubated for varying periods of time in 
serum-free DMEM. Following incubation, the media were removed from 
the dish, adjusted to 0.08 mg/ml PMSF, and centrifuged to remove cell 
debris. The ELISA was carried out according to the procedure of Voller et 01 
[13] as modified by Gordon et al [14] . 
RNA Isolation and Analysis Total RNA was isolated from Ficoll gra-
dient-separated keratinocytes or cultured keratinocytes in tissue-culture 
dishes using acid guanidiruum thiocyanate [15]. Ten micrograms of kerati-
nocyte RNA was separated by agarose electrophoresis, using formaldehyde-
containing 1.2% agarose, run overnight at 30 rnA, processed, and blotted as 
described [16]. Prehybridization and hybridization was carried out in a solu-
tion containing lO X sodium - sodium phosphate - EDT A, 0.4% nonfat dry 
milk and, 1% SDS mixed 1: 1 with deionized formamide. Salmon sperm 
DNA was added at a final concentration of200 ,ug/ml. The blot was prehy-
bridized overnight at 65·C and hybridized with 106 DPM/ml of riboprobe 
r
rerared from pI2 [17] in a GEM vector for involucrin RNA and pGHE1 
18 for apoE RNA. Blots were washed three times for 15 min in 0.1 X 
saline-sodium citrate buffer, 0.1 % SDS at 65·e. Autoradiography of the blot 
was carried out for 2-7 d at -70·e. 
Labeling Index To determine the labeling index, cultures were incubated 
for 16 h in media containing bromodeoxyuridine (5-BrdU) (10 ,uM), treated 
with dispase [19], fixed in neutral buffered formalin, and embedded in paraf-
fin. Sections were deparaffinized and reacted with anti -BrdU antibody 
(Boehringer Mannheim) and subsequently with a strep-avidin-conjugated 
secondary antibody (Ultraprobe, Biomeda kit) as previously described [20]. 
RESULTS 
Source of Secreted ApoE Epidermal keratinocytes in vitro and 
in vivo form a stratified tissue consisting of two compartments, a 
basal compartment that contains nondifferentiated replicating cells 
and a suprabasal compartment that contains cells in various stages of 
terminal differentiation. To determine which compartment is the 
source of secreted apoE, immunohistochemical localization was 
ruled out because 1) in cultured keratinocytes almost all apoE is 
secreted, and 2) apoE can be taken up by cells that do not produce the 
protein. In situ hybridization for apoE mRNA was also considered 
but was ruled out because it would reveal which cells have the 
potential to make apoE, not which cel ls actually secrete the protein. 
As an alternative, keratinocytes were fractionated into basal and 
suprabasal cells and secretion measured directly in these cell isolates. 
Epidermal keratinocytes were centrifuged in gradients of Ficoll 
400 [8] to give three size fractions, small, intermediate and large [8]. 
The small cell fraction is enriched for involucrin-negative, c!ono-
genic cells, and the large cell fraction is enriched for involucrin-
positive , terminally differentiated cells [8,21 - 24]. Based on the 
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Table I. ApoE Secretion in Ficoll -Fractionated Keratinocytes' 
Cells 
Ficoll-fractionated 
Small 
Intermediate 
Large 
Attached keratinocytes 
Freshly trypsinized cells 
ApoE Secretion 
(ng/h/ l06 cells) 
0.49 
0.23 
N or detectable 
0.46 
0.45 
Correlation 
Coefficient 
0.994 
0.989 
0.998 
0.989 
• Ficoll-fractionated keratinocytes were placed in met-DMEM at 10· cells/m\. At 
various times up to 6 h, aliquots were removed, the cells removed by centrifugation, and 
the .poE concentration in the medium measured by ELISA. The slope of the amount 
present in the medium with time, as determined by the least-squares technique, was 
taken as the rate of secretion. As controls, secretion was measured in freshly trypsinized 
cells and attached cu ltures. Secretion in attached cultures was normalized to 10· cel ls by 
counting the cells present on the dish. 
known partitioning of replication to the basal compartment [24,25] 
and involucrin synthesis to suprabasal cells [26], the small and large 
cell fractions are taken to represent basal and suprabasal compart-
ments, respectively. The intermediate cell fraction is not well char-
acterized but is likely to contain a mixture of these two cell types. 
Aliquots containing equal numbers of Ficoll-fractionated cells 
were incubated in serum-free medium as described and, at various 
times up to 6 h, aliquots of the media were assayed by ELISA for 
apoE. The results (Table I) show that apoE was secreted primarily by 
small and intermediate size cells. In fact, the rate of apoE secretion 
by small cells, 0.49 ng/h/l06 cells, was sufficient to account for all 
the apoE secreted by intact attached cultures (0.46 ng/h/l06 cells) 
and freshly trypsinized unattached cells (0.45 ng/h/l06 cells). To 
verify that the apoE produced was newly synthesized, Ficoll-sepa-
rated keratinocytes were pulse labeled for 3 h with 35S-met and 
aliquots of the media containing equal numbers of radioactive 
counts were immunoprecipitated with an antibody to human apoE. 
The precipitate was analyzed electrophoretically and the results 
show a band of labeled apoE secreted by the small and intermediate 
cell fractions, but not by the large cells (Fig 1). 
To verify that basal keratinocytes were the source of apoE, 6-d 
postconfluent cultures were placed in a low-calcium medium 
known to strip off suprabasal cells leaving a monolayer of basal cells 
[27] . When keratinocytes were exposed to this medium the apoE-
secretion rate rose from a pretreatment level of 1.0 ng/h/l06 cells to 
4.0 ng/h/l06 cells within 24 h. By 24 h all suprabasal cells had been 
dislodged from the culture. The increase in apoE secretion rate after 
removal of suprabasal cells indicates that each basal cell secretes 
apoE at a higher rate than an average of all cells within a stratified 
population and confirms that basa l keratinocytes are the source of 
s I L 
HepG2 
~ E 
Figure 1. Synthesis of secreted apoE is confined to small cell fraction. Equal 
numbers of Picoll-fractionated keratinocytes were metabolically labeled in 
suspension with 35S-met. Labeled apoE in the media was immunoprecipi-
tated and electrophoresed as described in Materials alld Methods. Lalles S, I , alld 
L show the apoE secreted by small, intermediate and large cells. Lane L has 
been intentionally overloaded by 50%. Three additional control lanes show 
apoE secreted by HepG2 cells immunoprecipitated with preimmune (-) and 
immune (+) antisera and I·C-labeled purified apoE. 
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Figure 2. Steady-state levels of apoE mRNA and involucrin mRNA in 
Ficoll-fractionated keratinocytes. RNA from Ficoll -fractionated cells was 
analyzed by northern hybridization as described in Materials mrd Meth ods 
using an apoE riboprobe. There is some cross hybridization with 28S ribo-
somal RNA. The equal intensity of the ribosomal RNA in all lanes ensures 
equal loading of RNA. RNA from the same samples was also analyzed with 
an involucrin riboprobe (ill set). Lalle A, keratinocytes attached to a plastic 
culture dish; latres S, I, mrd L, small, intermediate, and large Ficoll-fraction-
ated keratinocytes; lalle H, HepG2 cell s. 
apoE. The higher rate of apoE secretion in basal cells prepared by 
calcium-induced stripping versus Ficoll-fractionation is likely to 
reflect the fact that in the former method the cel ls remain attached 
to a solid substrate, whereas in the latter method the cells are de-
prived of substrate support. 
To determine if large cells contained apoE mRNA, and therefore 
had the potential to synthesize apoE, RNA from Ficoll-fractionated 
cel ls was electrophoresed and analyzed by northern hybridization 
using a labeled antisense riboprobe. As shown in Fig 2, equivalent 
amounts of apoE mRNA were present in the large as well as in the 
small cell fractions. Inrreased levels of involucrin RNA in the large 
cell fraction verify proper cell separation in Ficoll (Fig 2, inset). We 
conclude that the lack of apoE secretion by the large cell fraction did 
not result from a lack of apoE mRNA. 
Further Analysis ofFicoll-Fractionated Cells The failure of 
large cells to secrete apoE was analyzed further to determine if some 
artifact could have lead to this finding. 1) When deprived of sub-
strate support, keratinocytes rapidly lose colony-forming ability 
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Table II. Protein Synthesis in Ficoll-Fractionated Keratinocytes· 
"S-Met Incorporated (DPM/cell) 
Trial 2 3 Average 
Ficoll- fractionated ce lls 
Small 32 42 17 30 
Intermediate 33 38 20 30 
Large 20 36 20 25 
Attached keratinocytes 20 38 20 26 
Freshly trypsinized cells 20 22 20 21 
• Ficoll-fractionated keratinocytes were labeled 3 h in suspension with "S-met as 
described in Materials alld Methods. The trichloroacetic acid-insoluble radioactivity was 
measured in a known number of cells in three independent trials. As control, incorpora-
tion was also measured in attached cultures and in cell s that had been freshly ttypsinized. 
[28] and may also lose the ability to synthesize protein. This loss of 
synthetic capacity may be especially acute in the large cell fraction. 
To determine if large cells maintained their metabolic activity, Fi-
coli -fractionated keratinocytes were metabolically labeled with 35S_ 
met and the amount of acid-insoluble radioactivity incorporated per 
cell determined . As shown in Table II, the number of counts incor-
porated per cell was not reduced in the large cell fraction. 2) The 
large cell fraction is not homogeneous, but is enriched for differen-
tiated cells. To verify that differentiated keratinocytes were indeed 
metabolically active, lysates of 35S-labeled cells were immunopre-
cipitated with an antibody to involucrin. As shown in Fig 3, labeled 
involucrin was present primarily in large cells, indicating that dif-
ferentiated cells were indeed metabolically active. 3) To determine 
if there was selective retention of apoE in large cells, cell lysates 
were prepared with 3% SDS/2% fJ-mercaptoethanol and examined 
Pre u s I L Inv 
Figure 3. Verification that large cells are metabolically active. To ensure 
that large cells were metabolically active, cell Iysates from Fig 1 were the 
immunoprecipitated with an antibody to involucrin. Latles S, I, atld L are the 
material from small , intermediate, and large cel ls respectively. Latle U is an 
immunoprecipitate of material from unattached, fresh ly dissociated cultures, 
and lalle Pre is a control immunoprecipitated with preimmune serum. Latle 
bill is purified human involucrin labe led with ' H (Dr. Marcia Simon). 
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Figure 4. Analysis of apoE secretion during cell growth. Multiple cultures 
of keratinocytes were seeded and at various times analyses were performed. 
The state of the cultures at these time is indicated by the designation C - 2, 
C, C + 3, C + 6, and C + 10. C refers to confluence and the number refers 
to the days pre- or postconfluence. In A, the labeling index, as measured by 
BrdU incorporation, is shown. B shows labeled apoE immunoprecipitated 
from the medium (ApoE runs as a doublet [48]). C shows labeled BP antigen 
immunoprecipitated from celllysates. D shows labeled involucrin imffiuno-
precipitated from the same cell Iysates. 
by western blotting for apoB. No apoB could be detected in frac-
tionated or nonfractionated cells by this method (data not shown). 
Therefore, retention of apoB by large cells could not explain their 
failure to secrete the protein. 4) To determine if secreted apoE was 
being selectively degraded by extracellular proteases released by 
large cel ls, 3sS-labeled apoE was incubated for 2 h in therresence of 
either small cel ls or large cells. Immunoprecipitation 0 the media 
and electrophoresis gave no evidence of degradation oflabeled apoE 
(data not shown). These experiments show that in disaggregated 
cultures of keratinocytes, the failure of large cells to secrete apoE 
cannot be attributed to some experimentally induced artifact. 
Further Studies on ApoE Secretion in the Basal Compart-
ment Replication in culture is confined to the basal compartment 
(24,25]. Having localized apoE secretion to the basal compartment 
we attempted to determine if apoB secretion correlated with cell 
replication. Freshly seeded cultures of keratinocytes undergo an 
initial rapid increase in cell number before confluence and a slow, 
steady-state turnover after confluence [25]. To determine if apoE 
secretion correlated with cell growth, multiple cultures were la-
beled with ~5S-met at various times after seeding and labeled apoE in 
the medium was analyzed by immunoprecipitation. As seen in Fig 
4B, maxima! levels of apoE were detected 3 and 6 d postconfluence, 
at a time when the labeling index had stabilized at 27% (A). In 
preconfluent cultu res when the labeling index was 48% the amount 
of labeled apoB was considerably less. 
The metabolic state of the basal cells was also assessed by immu-
noprecipitation of labeled cell Iysates with an antibody to BP anti-
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gen. This antigen is made exclusively by basal cells and is a constitu-
ent of the hemidesmosome [29] . The results (Fig 4C) show that BP 
antigen was made throughout the observation period and was maxi-
mal 3 and 6 d postconf1uent, at a time when apoE secretion was also 
maximal. Throughout this time, involucrin synthesis in the supra-
basal cells remained at a constant level (Fig 4D) , indicating that the 
changes in metabolic activity seen in basal cells were specific for thar 
population and did not apply to the culture as a whole. We conclude 
from these results that the changes in apoE secretion during growth 
in culture do not reflect changes in cell growth but correlate with 
the metabolic activity of basal cells. Labeled apoE was not degraded 
when added to the media of pre- and postconfluent cultures indicat-
ing that extracellular proteolysis was not a factor in this experiment 
(data not shown). 
DISCUSSION 
The purpose of this study was to identify which cells in a culture of 
stratified keratinocytes synthesize and secrete apoE. Direct mea-
surement of apoE secretion in keratinocytes fractionated in gra-
dients of Ficol! 400 revealed that apoE was secreted by the small cell 
population (0.49 ng/h/106 cells) at a rate sufficient to account for 
all apoB produced by intact cultures (0.46 ng/h/l06 cells). The 
small cell fraction contains c\onogel1ic, involucrin-negative cells 
that are located specifically to the basal layer of the cultures [8,21-
23J. Large or suprabasal cells could not be shown to produce the 
protein, although they did contain apaE mRNA. ApoE mRNA 
levels are generally held to be indicative of apoE synthesis [30] and 
the fai lure to detect its production in suprabasal cells was surprising. 
Unpublished experiments from this laboratory show that apoB 
mRNA half life in cultured keratinocytes is greater than 6 h. ApoB 
mRNA in suprabasal cell s may therefore be carried over from its site 
of synthesis in basal cells. However, the question remains, if apoB 
mRNA is present in suprabasal cells, why is it not being translated? 
Some possibilities include a posttranscriptional alteration in apoB 
mRNA preventing its translation, or degradation of the protein in 
suprabasal cells as part of a general program of subcellular cytolysis 
[31] or as a consequence of an improper folding in the endoplasmic 
reticulum [32]. Our overall conclusion is that apoE is secreted by 
basal keratinocytes in culture, and cannot be demonstrated in supra-
basal cells. 
The question of whether apoE secretion is localized to basal cells 
in the intact epidermis centers upon the precision with which sub-
merged cu ltures of keratinocytes reproduce the ill vivo state. Sub-
merged cultures are hyperproliferative (33], lack well-defined 
granular and cornified layers, and do not express markers of 
differentiation such as filaggrin, loricrin, and high-molecular-
weight keratins [34]. However, markers, whose expression in vivo is 
confined to either the basal or the suprabasal compartment, are 
usually restricted to the correct compartment when expressed ill 
vitro. Two examples will illustrate this point. Involucrin synthesis 
begins in the spinous layer of intact epidermis (35] and, in sub-
merged cultures, is also confined to the suprabasal compartment 
[26]. In the intact epidermis, low-density lipoprotein (LDL) recep-
tors are found exclusively on the surface of basal cells [36], and ill 
submerged cultures, LDL receptors are also found on the surface of 
nondifferentiated cells [37]. Further experimental work with other 
model systems such as the collagen raft culture where differentia-
tion and tissue architecture are more complete [38] is warranted to 
extrapolate these results to epidermis. Preliminary results in this 
laboratory confirm secretion of apoE in lifted cultures (unpub-
lished). 
The importance of apoE secretion in basal keratinocytes must be 
viewed with special reference to the relationship between epidermal 
differentiation and epidermal lipid metabolism. There are tw 
major si tes in e'pidermis where lipids, and especially cholesterol, ar~ 
required. In replicating cells of the basal compartment, cholesterol 
is needed for membrane biosynthesis, whereas in the upper strata, 
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cholesterol is required for production of lamellar granules [39,40]. 
This cholesterol can be furnished from de novo biosynthesis or by 
receptor-mediated uptake oflipoproteins, predominantly LDL [41]. 
Basal cells express high levels of the LDL receptor and are therefore 
likely to derive their cholesterol by uptake ofLDL particles [36,37]. 
Suprabasal cells have reduced LDL receptors on their surface and are 
likely to obtain cholesterol for lamellar granule formation by de 110110 
synthesis. In addition to a different source of cholesterol, the 
amount of cholesterol present and the rate of its synthesis are higher 
in cells of the granular layer than in basal cells [42,43]. Studies with 
various cell types have shown that production of apoE is directly 
related to the cellular load of cholesterol [44]. On the basis of this 
association, one would expect apoE production in epidermis to be 
localized more to suprabasal cells than to basal cells. If apoE secre-
tion in epidermis is indeed localized to the basal compartment, it 
would imply that apoE synthesis is regulated in epidermis by a 
mechanism other than the cellular content of cholesterol. Indeed, 
sterologenesis in skin, unlike sterologenesis in other tissues, is not 
modulated by changes in serum cholesterol level [45], and the sug-
gestion has been made that epidermal sterologenesis is not regulated 
by LDL uptake but rather is linked to the need for lipids in barrier 
formation [39] . 
ApoE can associate reversibly with LDL, high-density lipopro-
teins, and other lipoproteins [41]. The affinity of apoE for the LDL 
receptor is much higher than that of apo B 1 [46]. The association of 
apoE with any of these lipoproteins can therefore mediate or en-
hance binding and uptake of that lipoprotein by the LDL receptor. 
Secretion of apoE by basal cells may therefore serve as a mechanism 
to redistribute excess extracellular cholesterol arising from synthesis 
and extrusion of lamellar granules back to basal cells via the LDL 
receptor or back to the liver via the circulation and hepatic LDL 
receptors. 
ApoE is the first protein naturally produced by keratinocytes that 
has been shown to have a systemic fate [5]. ApoE secretion by basal 
cells may signify that systemic distribution of a secreted protein is 
only possible if the protein is released by cells in the basal position. 
This is unlikely because macromolecules injected beneath the epi-
thelium diffuse rapidly outward in the intercellular spaces of epi-
dermis and oral mucosa to the upper granular layer [1,47]. The 
important point to discern from apoE's systemic distribution is that 
the epidermis may wel l be a source of circulating compounds that 
have effects at distant sites in the body. 
Secretion of apoE by basal keratinocytes can be seen within the 
larger context of epidermal differentiation. The formation of a stra-
tum corneum involves a well-orchestrated expression of markers 
such as high - molecular-weight keratin proteins, filaggrin, and 
cornified envelope precursors. In addition there are differentiation-
associated changes in lipid content, rates of specific lipid formation, 
LDL receptors, and lipid-modifying enzymes. The reduction in 
apoE secretion in the suprabasal compartment may be another 
marker of the complex program of keratinization. 
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